We investigated the effects of black tea (BT) and green tea (GT) infusion on the spontaneous formation of lung tumors and rhabdomyosarcomas in A/J mice. Female A/J mice, 6 weeks of age, were allocated into five groups (50 per group) and were given the following as the sole source of drinking fluid: (i) deionized water (control group), (ii) 0.5% BT, (iii) 1% BT, (iv) 2% BT and (v) 1% GT. After 60 weeks, the mice were killed by decapitation. Lung tumor incidence, multiplicity and volume were significantly lower in the 2% BT group as compared with the controls (27 versus 52%, 0.33 versus 0.72 tumors/mouse and 4.27 versus 38.3 mm 3 , respectively). The 1% GT group had significantly lower lung tumor multiplicity (0.41/mouse), while the 1% BT group had significantly decreased tumor volume (7.17 mm 3 ). Rhabdomyosarcomas were found in 34% of the mice in the control group, and both the 1 and 2% BT groups had significantly lower incidences at 13 and 14%, respectively. The mice in the 2% BT group weighed 16% less than those in the control group, although they consumed more food than the control group. The other tea-consuming groups also weighed less than the control group (7.8-11%) while consuming more food and fluid. In a separate experiment, similar carcinogenesis inhibition was also observed in female A/J mice that were given 0.6% and then 0.3% instant black tea for 52 weeks. These results demonstrate the inhibitory activity of BT against the spontaneous formation of lung tumors and rhabdomyosarcomas in mice.
Introduction
A growing body of experimental data demonstrate the inhibitory actions of both green and black tea against carcinogenesis in animals (1-3). Such activities have been shown in several carcinogenesis models, including skin tumors induced by polycyclic aromatic hydrocarbons and ultraviolet radiation (4-7), esophageal tumors induced by N-nitrosomethylbenzylamine (8, 9) , lung tumors induced by 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK*) (10) (11) (12) and N-nitrosodiethylamine (10) , and duodenal tumors induced by N-ethyl-NЈ-nitrosoguanidine (13, 14) . At the present time, more information is available on the anti-tumorigenic properties of green tea *Abbreviations: NNK, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone; EGCG, (-)-epigallocatechin-3-gallate; BT, black tea; GT, green tea; DMBA, 7,12-dimethylbenz[a]anthracene.
© Oxford University Press 501 than black tea, although inhibitory activities against tumorigenesis have been demonstrated with black tea in some studies (7, 9, 10) . All of these activities have been observed in chemically-induced carcinogenesis model. The inhibitory activity of green and black tea against spontaneous tumorigenesis has not been reported previously.
The chemically induced lung tumorigenesis model with A/J mice has been very useful in investigating the chemopreventive properties of tea. Studies have indicated that administration of black and green tea or (-)-epigallocatechin-3-gallate (EGCG) inhibited NNK-induced lung adenoma formation (10) (11) (12) . Decaffeinated green or black tea (0.6% tea solid) given during the NNK-treatment period reduced tumor multiplicity by 67 or 65%, respectively (10) . The inhibitory effect of tea can be observed even when administration was started 1 or 5 weeks after NNK treatment (10, 12) . It was demonstrated recently that regular black tea (0.6% solution of tea solid) given orally 16 weeks after NNK injection, significantly inhibited lung tumor multiplicity and decreased tumor volume (15) . The results indicate that, even after lung adenomas were formed, administration of black tea extract was still effective in inhibiting the progression of adenomas to adenocarcinomas (15) . All of these results suggest that tea preparations can inhibit lung tumorigenesis at the initiation, promotion and progression stage, and that they have a high probability of inhibiting spontaneous lung tumorigenesis.
The susceptibility of a particular mouse strain to chemicallyinduced lung tumorigenesis is directly proportional to the occurrence of spontaneous tumors in that strain (16) . Strain A mice (which are the origin of A/J mice) have the highest incidence of spontaneous lung tumors of the numerous inbred mouse strains available. Pearly-white discrete round nodules start to appear in a few mice as early as 3 to 4 months, and the incidence increases consistently to almost 100% by 24 months (17) . The development of both spontaneously occurring and chemically-induced lung tumors in strain A mice has been associated with the activation of a Ki-ras gene (18) . Mutated Ki-ras oncogenes were found in 91% of spontaneous tumors. These properties make the A/J mouse a suitable model for studying the inhibition of spontaneous lung tumorigenesis.
Most of the anti-carcinogenesis studies have been conducted with green tea, and the inhibitory activity has been generally attributed to green tea polyphenols (also known as tea catechins): the inhibitory activity has also been demonstrated with EGCG in some experiments (4, 10, 13) . The anti-tumorigenesis activity of black tea has not been studied sufficiently, even though black tea accounts for 80% of the tea produced worldwide. Because of the wide consumption of black tea, we decided to concentrate our investigation on black tea and use one concentration of green tea as a comparison, in the spontaneous lung tumor model with female A/J mice. This spontaneous model, without the use of a chemical carcinogen, may be a useful model for spontaneously generated human cancers.
Materials and methods

Tea preparation
Black tea leaves were provided by the Tea Trade Health Research Association (Toronto, Ontario). Green tea leaves and black tea solids were provided by the Thomas J.Lipton Co. (Englewood Cliffs, NJ). One gram of black tea solids (dehydrated water extracts of black tea leaves) contained 15 mg of theaflavins, 70 mg of catechins (of which 30 mg was EGCG), 340 mg of undefined polyphenols (mainly thearubigins) and 50 mg caffeine (7) . Tea infusions were prepared from tea leaves and deionized water using a commercial Bunn Tea Brewer (Springfield, IL). For example, 80 g of black tea leaves and 4 liters of deionized water were used to produce a 2.0% tea infusion. It was found that 1 ml of 2.0% black tea infusion contained~200 µg of EGCG, 120 µg of (-)-epicatechin-3-gallate, 70 µg of (-)-epigallocatechin, 60 µg of (-)-epicatechin, 100 µg of theaflavins, 2300 µg of undefined polyphenols (mainly thearubigins) and 350 µg/ml of caffeine (7) . A volume of 1 ml of 1.0% green tea infusion contained~330 µg of EGCG, 70 µg of (-)-epicatechin-3-gallate, 330 µg of (-)-epigallocatechin, 80 µg of (-)-epicatechin and 180 µg of caffeine (7) . The lower doses of black tea used in the study were prepared by dilution with deionized water. Fresh leaf extracts were made on Mondays, Wednesdays and Fridays and placed in brown drinking bottles. The volume drank daily by each cage of mice was measured at least once a week.
Treatment of animals
Female A/J mice, 6 weeks of age, were obtained from Jackson Laboratories (Bar Harbor, ME) and maintained on an AIN-76A semipurified diet (Research Diets, Inc., New Brunswick, NJ). After acclimation to the facilities for 10 days, the 250 mice were divided into five groups with each group of similar wt. Mice were housed 10 per cage in polycarbonate cages on corn cob bedding and maintained in an air-conditioned room with a 12-h light/dark cycle. The mice in the five groups received as their sole source of drinking fluid, the following: (i) deionized water (as control), (ii) 0.5% black tea, (iii) 1.0% black tea, (iv) 2.0% black tea, and (v) 1.0% green tea. The concentration of the tea in the drinking water was incrementally given from 25% of the full dose on day 1 to 50, 75 and 100% of the full dose on days 3, 5 and 7, respectively. Mice were numbered on their tails with tattoos for individual identification and weighed individually once a month to assess the growth and health of each mouse, and as a cage-group once a week. Food consumption per cage was also measured weekly.
Mice were killed by decapitation after 60 weeks. Survival to endpoint was 80%. Forty-one of the 51 mice that died early had large rhabdomyosarcomas, some of which required euthanasia. The other 10 mice were found dead, and necropsy did not reveal the causes of death. The lungs were removed, inflated, and fixed with 10% buffered formalin. Formalin-fixed lungs were transferred to 80% ethanol for storage. Visible tumors (Ͼ0.1 mm in diameter) on the surface of the lungs were counted and measured. The tumor volume was calculated by the formula: vol. ϭ 4/3πr 3 , where r was the mean radius of three diameter measurements. A gross examination of all organs was conducted, and any tissue containing tumors was fixed and noted. In a subset of lung samples, the lungs were further analyzed by histopathology to confirm visual examination.
In a study conducted before the above experiment (referred to as '52-week experiment'), mice were allocated into two groups (50 mice per group); one group received only water and the other group received black tea as the sole source of drinking fluid for 52 weeks. Black tea solids, similar to those used previously (10) were dissolved in warm water and administered to the mice (starting at 7 weeks of age) at an initial concentration of 0.6%. The concentration was decreased to 0.3% after 28 weeks in an attempt to eliminate the body wt disparity seen between the groups.
Histopathological analysis
The formalin fixed lungs were embedded with paraffin, cut into serial sections of 5 µm, and mounted on glass slides. Each slide contained sections from all five lobes of the lung. Three slides (taken from serial sections; numbers 1, 15 and 30) from each sample were stained with hematoxylin and eosin for histopathological analysis. The lung tumors were diagnosed based on previously established criteria and categorized as adenoma, adenocarcinoma within adenoma, and adenocarcinoma (19) . Slides of skeletal muscle lesions from the 52-week experiment were stained with hematoxylin and eosin. The muscle tumors were identified as rhabdomyosarcomas based on general histopathology (20) .
Statistical analysis
The effects of various doses of black tea on tumor incidence were analyzed by the Mantel-Haenszel test. The effect of green tea on tumor incidence was analyzed by a two-tail Fisher's exact test. For the effect of black tea concentration on tumor multiplicity, data were fit to a general linear univariate 502 model with the dose of black tea as a predictor and the number of lung or total tumors as the outcome. The effect of green tea on multiplicity and the effect of the various tea preparations on tumor volume data were analyzed by the Student's t-test against the control group. Body wt and fluid and food consumption were analyzed by one-way ANOVA with Bonferroni-Dunn posthoc testing to differentiate between treatments (21). Statistical analyses were conducted using the computer software SAS, StatView 4.01 and SuperANOVA (Abacus Concepts, Inc., Berkeley, CA). Statistical significance was accepted at P Ͻ 0.05.
Results
Body wt, fluid intake and food consumption
The mice in the control group weighed significantly more than the mice in other groups, whereas those in the 2.0% black tea group weighed significantly less ( Figure 1 ). Based on the average body wts taken from week 31 to week 60, the 0.5% black tea, 1.0% black tea, 2.0% black tea and 1.0% green tea groups weighed Ͻ7.8, 10, 16 and 11% than the control group, respectively. Food consumption, however, was significantly greater in groups consuming 0.5% black tea (8%), 1.0% black tea (11%) and 1.0% green tea (12%) than the control group ( Figure 2 ). In the early months, the 2.0% black tea group ate significantly more than the control group (Figure 2 ), but still weighed much less (Figure 1 ). In the later months after lower body wts were established, the 2.0% black tea group ate significantly less than the control group. When food consumption is expressed on a body wt basis, however, the 2.0% black tea group consumed 13% more than the controls.
The 2.0% black tea group drank less than the other teaconsuming groups (Figure 1 ). Mice in the 0.5% black tea, 1.0% black tea and 1.0% green tea groups consistently drank more than those in the control group. For example, in the last two months of the study, the 0.5% black tea, 1.0% black tea and 1.0% green tea groups drank 51, 62 and 62% more, respectively, than those in the control group. The 2.0% black tea group drank similar volumes to the control group throughout the study. For clarity, only three groups are presented for fluid consumption in Figure 1 . Incidence of lung tumor and rhabdomyosarcoma Lung tumor incidence in the control group was 52%. Comparison of all the black tea-consuming groups with the control group demonstrated a significant, ordinal trend toward inhibition of lung tumor incidence (χ 2 value ϭ 4.661, d.f. ϭ 1, P ϭ 0.031). Green tea consumption reduced lung tumor incidence, however, it was not significant. Of interest is the large incidence (34%) of rhabdomyosarcomas found on the hind legs and backs of the mice (one tumor per mouse) in the control group (Table I ). The incidence of these tumors was significantly lower in both the 1.0 and 2.0% black tea groups with incidence rates of 13 and 14%, respectively. Mice from the control group had a total tumor incidence of 76%. All of the tea-consuming groups had significantly lower total tumor incidence than the control group (Table I) . Total tumor incidence is the percentage of mice that bore lung tumors, rhabdomyosarcomas or other tumors.
A total of 41 mice were killed or found dead prior to the endpoint due to large rhabdomyosarcomas. These animals were included in the analysis as summarized in Table I. Table II describes the number and causes of early deaths per group. The causes of the other 10 deaths were not clearly established, except for three mice that were euthanized to investigate the incidence of alopecia. The incidence of alopecia was similar among all five groups of mice and ranged from 6 to 20% at 
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various times. Thus, tea consumption was not the cause. Hair loss was first observed at 4 months into the experiment and did not worsen after 8 months. Alopecia did not affect the general health of the mice. No cause for the hair loss was established upon necropsy. Discussions with the diet manufacturer (Research Diets, Inc.) and the animal provider (Jackson Laboratories) did not reveal a dietary deficiency. A potential cause of hair loss could be barbering among the mice. Both the 1.0 and 2.0% black tea groups had significantly less early death rates than the other groups, and this can be mainly attributed to the lower incidence of rhabdomyosarcomas.
Multiplicity and size of lung tumors
The number of lung tumors per mouse was significantly lower in the 2.0% black tea group and the 1.0% green tea group compared with the control group (Table I) . A significant trend of decreasing lung tumor number per mouse with increasing dose of black tea was observed (slope of line ϭ -0.199, t ϭ -2.03, P ϭ 0.044). When total tumor multiplicity (including lung tumors, rhabdomyosarcomas and other tumors) was evaluated, 1.0% black tea, 2.0% black tea and 1.0% green tea groups were significantly lower than the control group. Again, a significant trend with black tea concentration was seen (slope of line ϭ -0.307, t ϭ -2.92, P ϭ 0.004). Lung tumor volume was significantly smaller in the 1.0 and 2.0% black tea groups as evaluated either by tumor volume per mouse or volume per tumor (Table III) . The number of deaths that occurred before the end of the 60-week experiment are shown. Mice were killed when the rhabdomyosarcoma (RMS) accounted for~10% of the body wt. Causes of other deaths were not established upon necropsy. a Unknown cause of death; a1 noted labored breathing prior to death; a2 noted low body wt; b killed to investigate extensive hair loss. The 52-week experiment Table IV summarizes the relevant data collected during this study in which the effect of black tea (0.6% and 0.3% black tea solids) was studied. The data indicate that body wt, lung tumor and rhabdomyosarcoma incidence, and lung tumor multiplicity and size, are all significantly lower in the black tea group. Thus, two separate long-term experiments have demonstrated the high incidence of rhabdomyosarcoma and the inhibitory action of black tea on spontaneous genesis of tumors.
Histopathology of rhabdomyosarcomas and lung tumors
The tumors found on the hind legs and lower backs of the mice were confirmed by histopathological analysis to be rhabdomyosarcomas ( Figure 3 ). Neoplastic cells, which varied from small and round to pleomorphic or spindle-like in shape, invaded the muscle tissues. The muscle had lost its normal cellular arrangement. Irregular skeletal muscle fibers with cross-striations and mitoses were seen in some dysplastic cells.
Other dysplastic cells were observed with abundant cytoplasm. Cell lines were established from the rhabdomyosarcomas. The cells were highly malignant and metastatic upon injection into A/J mice (unpublished results). Figure 4 illustrates the typical morphology seen in the spontaneous adenoma, adenocarcinoma within adenoma, and papillary adenocarcinoma. When three or more contiguous alveolar spaces were obliterated by proliferative epithelial cells, the lesion was diagnosed as adenoma. Cells within the adenomas were generally monomorphic and well-differentiated. Compression of the adjacent pulmonary parenchyma was frequently observed. When cells within the adenoma were seen with nuclear crowding, pleomorphism and atypia, 'adenocarcinoma within adenoma' was identified. Only tumors that showed malignant adeno-like neoplastic cells were characterized as adenocarcinoma. Gross lung tumor incidence was confirmed within a subset of 75 lung samples for the 60-week experiment. The rate of false positives or false negatives was 6%, and based on the distribution of error, this would not affect the conclusion of the data in Table I . In the 52-week study in which all lung samples were analyzed, histopathological analysis revealed an inhibition of the progression to adenocarcinoma. The control group had seven adenocarcinomas, whereas the black tea group had only one adenocarcinoma.
Discussion
Mice from the control group had lung tumor incidence of 37% in the 52-week experiment and 52% in the 60-week experiment, which are close to the 36 and 45% incidence rates previously reported after 12 and 14 months, respectively, in strain A mice (16) . The highest dose of tea significantly inhibited lung tumor incidence, multiplicity and volume. Lung tumor number per mouse was also lower in 1% green tea, whereas lung tumor size was lower in 1% black tea. The incidence and multiplicity data demonstrated a significant trend of a dose-dependent inhibition by black tea (Table I) .
The high incidence of rhabdomyosarcomas in the A/J mice has not been previously reported and is noteworthy. Rhabdomyosarcomas are one of the rarest spontaneous tumors in laboratory rodents and reports of cases in mice are few (22) . An investigation from the Jackson Laboratory examined~10 000 mice of which nearly 1000 were A/HeJ (23) . Only one A/HeJ mouse had a rhabdomyosarcoma (23); however, the average age of the mice in this examination was 4 months, whereas mice in our study were 14 months old. We have seen similar rhabdomyosarcoma incidence in both long-term studies described herein (Tables I and IV) starting at the age of 10 months. Whether the high incidence is a genetic predisposition or induced by a virus or a condition within our housing facility remains to be determined. Our preliminary studies did not observe viral particles by electron microscopy nor do other strains of mice on the same synthetic diet have high incidence of rhabdomyosarcoma in our facility. Long-term studies conducted by Stoner and Shimkin (16, 17) have not reported any incidence of rhabdomyosarcoma. These studies, however, were conducted 15 years ago. Perhaps continued inbreeding has caused susceptibility to develop. Of interest is the result that administration of 1.0 and 2.0% black tea significantly inhibited the incidence of rhabdomyosarcomas. The data suggest that tea may have anticarcinogenic properties against this rare cancer. Incidence of rhabdomyosarcoma is rare in humans. Studies into the prevention of rhabdomyosarcomas are lacking.
The inhibition of spontaneously formed lung tumor and rhabdomyosarcoma incidence by black tea is consistent with the general anti-carcinogenic action of tea. Previous studies have demonstrated that both black and green tea inhibited NNK-induced pulmonary adenomas in mice (10) (11) (12) 15) . Black tea and the polyphenolic fraction of black tea suppress NNKinduced early hyperproliferation as well as the progression of adenomas to adenocarcinoma (15) . The polyphenolic fraction of black tea contains theaflavins and a large quantity of thearubigins. In addition, black tea also contains EGCG, (-)-epicatechin 3-gallate and (-)-epigallocatechin, although at lower levels than green tea. These compounds contain multiple hydroxyl groups and possess antioxidative activities and antiproliferative activity (1, 24) , which may inhibit spontaneously formed tumors.
It is not known whether the lower body wts of the black tea-consuming mice contribute to the inhibition of lung tumors and rhabdomyosarcomas. Many studies have demonstrated that caloric restriction, which results in lower body wts, inhibits tumorigenesis in laboratory rodents (25) (26) (27) (28) . One study, using A/J mice, the same strain of mice we investigated, has demonstrated that a 50% energy restriction, which caused a 30% reduction in body wt, inhibited cellular proliferation and subsequently, spontaneous and asbestos-induced lung tumors (29) . This investigation stated that torpor was responsible for the decrease in cell proliferation. However, in our study, we did not observe a decrease in activity or responsiveness in the mice in the tea-consuming groups, and their food consumption was higher than the control group. Weight differences between the control and the tea treatment groups were 10 to 16%. In a recent study 27% food restriction inhibited 7,12-dimethylbenz[a]anthracene (DMBA)-induced lung adenoma development (30) . This inhibition may be related to the elevated plasma corticosterone levels in the food restricted mice. Adrenalectomy prior to food restriction abolished the tumor inhibition of underfeeding. Other studies have demonstrated that moderate calorie restriction of only 20-30% below the ad libitum intake level can lower incidence and delay onset of tumorigenesis (31) (32) (33) . In a study designed to determine the lowest degree of energy restriction required to inhibit DMBAinduced mammary tumorigenesis, the authors found that although 10% energy restricted rats, which caused~10% reduction in body wt, had the same tumor incidence as control rats, tumor multiplicity and volume was significantly decreased by 32 and 47%, respectively (33) .
The mechanism by which tea affects body wt is not clear, but could be related to increased metabolism rate due to the caffeine content in tea or to possible decreased nutrient absorption or utilization due to tea polyphenols. Groups of mice consuming the lower doses of tea (0.5 and 1% black tea and 1% green tea) weighed less than the mice in the control group while consuming significantly more food. Analysis of the tumorigenic data, however, demonstrates that the teaconsuming mice are protected against carcinogenesis to some extent (Table I) . Thus, food consumption per se is not responsible for the effects seen in this study. In a previous study with 506 A/J mice, 0.6% regular green tea as the sole source of drinking fluid decreased the body wt of the mice, but 0.6% decaffeinated green tea did not (10) . Many studies have shown that the inhibition of tumorigenesis using decaffeinated tea or tea polyphenolic fractions do not lower the body wt of animals. Therefore, although the effect of tea on body wt cannot be excluded, there is strong evidence to suggest that some component(s) in tea have anticarcinogenic properties.
The use of strain A as a lung tumor model has been criticized for its perceived lack of relevance to human lung cancer because the tumors are thought to be benign adenomas with different histopathology from human adenocarcinoma (34) . However, A/J mouse lung adenomas do progress to malignant carcinomas with increasing age in both spontaneous ( Figure 4 ) and chemically induced (34) carcinogenesis. The histopathological features of mouse lung carcinomas are similar to terminal airway human lung adenocarcinomas (34) . Mouse lung tumors and at least 40% of human lung adenocarcinomas also have at least one molecular change in common, e.g. mutation of K-ras oncogene. Spontaneous lung tumors in A/ J mice appear to arise from random mutations in codons 12, 13 or 61 of the K-ras gene (18) . It has been suggested that mutational K-ras activation leads to cell hyperproliferation (35) . Thus, based on our knowledge that tea has anti-proliferative action (1-3), the ability of tea to prevent spontaneous lung tumorigenesis may relate to its effect on the hyperproliferation of lung cells, in addition to its antioxidative activities.
The present results demonstrate the inhibitory action of black tea against spontaneously generated lung tumors and rhabdomyosarcoma in aged A/J mice. To our knowledge, this is the first report of such activities in a spontaneous tumorigenesis model. The lack of toxicity and the ease of access and administration also add to the possible usefulness of black tea as a chemopreventive agent. Whether tea consumption reduces the incidence of human cancers remains to be investigated.
